Abstract: The influence of zinc(II) propionate on the efficacy of Lactobacillus fermentum against Salmonella enterica serovar Düsseldorf was tested in Japanese quails. Twenty one 3-day old Japanese quails were divided into 3 groups each consisting of 7 birds and inoculated orally: (i) group A (control) with Rogosa broth; (ii) group B with rifampicin-resistant L. fermentum (2.5 × 10 7 CFU/animal); and (iii) group C with rifampicin-resistant L. fermentum cultured in Rogosa broth supplemented with zinc(II) propionate (1 g Zn 2+ /L of broth; i.e. 2.5 × 10 7 CFU/animal and 0.1 mg Zn 2+ /animal). After 16 hours all birds were infected with a single dose of S. enterica serovar Düsseldorf (5.8 × 10 7 CFU/animal). During the next 6 days the chicks received the same inoculations as they had received earlier through the medium of drinking water. The viable counts of Salmonella, rifampicin-resistant lactobacilli and total aerobes in the feces and cecal content, zinc concentration in the cecal content and growth performance were evaluated. L. fermentum alone, and in combination with Zn(II) propionate significantly reduced shedding of Salmonella in the feces and also the amount of salmonellae present in cecal content as compared to control. The numbers of Salmonella in group C in all collections were lower than in group B, but a significant difference (p < 0.05) was noted only 24 h after infection. The viable counts of rifampicin-resistant lactobacilli were similar in groups B and C and numbers of total aerobes were reduced in these groups compared with control. L. fermentum and its combination with zinc(II) propionate increased daily weight gains in the chicks in comparison with control. Zinc concentration in the control and C group was 34.9 ± 6.2 mg · kg −1 and 676.3 ± 106.6 mg · kg −1 of cecal content, respectively.
Introduction
Salmonellae infections constitute a serious health, breeding and economic problem especially in poultry farms. Of all meat-producing animals, poultry appear to be the most susceptible to Salmonella infections (Stavric, 1987) . Antimicrobials and vaccines are usually used in the treatment and prevention of Salmonella, but probiotics represent an effective alternative for prevention. It was shown that salmonellosis can be prevented by the pretreatment of chicks with cecal microflora isolated from Salmonella-free adult birds (Nurmi & Rantala, 1973) . Since the risk of transmission of pathogens from such undefined mixtures exists, attempts have been made to develop new effective probiotic preparations made from compounds originating from defined bacterial strains.
In spite of the progress in the development of probiotics, the data concerning their efficiency, especially in practice, are contradictory (Simmering & Blaut, 2001) . Carina Audisio et al. (2000) have noted that preventive application of Enterococcus faecium can protect newly hatched chicks from Salmonella pullorum infection, but cannot act as a good therapeutic agent. The preventive effect of probiotics against salmonellosis in poultry was also confirmed by Hejlíček et al. (1995) and Pascual et al. (1999) . Other authors, however, have not confirmed this effect (Barnes et al., 1979; Hinton & Mead, 1991) . It is therefore important to find the means to enhance the efficacy of probiotics.
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From the practical point of view, one of the best methods seems to be the combination of probiotic strains with synergistically acting components, such as trace elements (Bomba et al., 2002a) .
Zinc is an essential microelement for all living systems, including microorganisms. Zinc plays a structural and/or catalytic role in many microbial enzymes. However, its antimicrobial effect is well-known (Fridovich, 1978; Magonet, 1992; Holm & Poulsen, 1996) . The results of in vitro experiments have confirmed the positive effect of zinc on some probiotic properties of selected strains of lactobacilli (Mudroňová, 2005) . The concept of "potentiated probiotics" is based on the combination of probiotics with synergistically acting components of natural origin (e.g. phytocomponents, prebiotics, metabolites of microorganisms, vaccines, trace elements), which enhance the probiotic effect of microorganisms on both small intestine and colon, and they influence positively the host by intensifying a mechanism or by extending the range of probiotic action (Bomba et al., 2002b) .
In this experiment we wanted to combine the probiotic strain of Lactobacillus with essential microelement -zinc to study the effect of zinc(II) propionate on the efficiency of L. fermentum against S. enterica serovar Düsseldorf in Japanese quails.
Material and methods
Microorganisms and cultivation
Lactobacillus fermentum CCM 7158 was isolated from the ileum of a healthy hen on the basis of bile salts and acid tolerance and was selected for rifampicin resistance. The resistance to rifampicin represents a readily selectable phenotypic marker, suitable for differentiation of a strain from other lactobacilli strains. Strain CCM 7158 can grow in the presence of high concentrations of zinc. The viable counts of L. fermentum grown in Rogosa broth with 5000 mg Zn 2+ /L were 1-2 × 10 9 CFU/mL and 3-4 × 10 9 CFU/mL without the addition of zinc. Lactobacilli were grown under microaerophilic conditions in Rogosa broth and agar (Imuna, Šarišské Michaľany, Slovakia) at 37
• C for 24 and 48 h, respectively. The numbers of lactobacilli were determined on the Rogosa agar with rifampicin (100 µg/mL). To study the effect of zinc on the efficacy of L. fermentum, the Rogosa broth was supplemented with zinc(II) propionate (1000 mg Zn 2+ /mL) and the appropriate pH (5.8-6.2) was adjusted by the addition of sterile 0.1 N NaOH.
Salmonella enterica serovar Düsseldorf SA31 was supplied by Dr. Vasiľková from the Institute of Parasitology in Košice (Slovak Academy of Sciences, Slovakia). This strain colonizes digestive tract of poultry very good, with transmission into the organs, with high morbidity, but with low mortality. Salmonella for infection was cultured in PYG broth (yeast extract 10g, D(+) glucose 10g, peptone bacteriological 5g, trypticase peptone 5g/L, pH 6.8-7.2). For viable counts of salmonellae Brilliant-Green agar (Becton & Dickinson, Cockeysville, USA) was used. The numbers of total aerobes were enumerated on the Trypticase-Soy agar (Becton & Dickinson, Cockeysville, USA) with 10% of defibrinated sheep's blood. Salmonellae and total aerobes were incubated for 24 h at 37
Experimental animals and management Twenty one 3-day old Japanese quails (weight: 11.4 ± 1.2 g) were divided into 3 groups of 7 birds each and were inoculated orally: (i) in control group (A) with Rogosa broth (0.1 mL); (ii) in group B with L. fermentum (2.5 × 10 8 CFU/mL; 0.1 mL) and in group C with L. fermentum cultivated in Rogosa broth supplemented with zinc(II) propionate (2.5 × 10 8 CFU/mL; 1 g Zn 2+ /mL; 0.1 mL). After 16 h all birds were orally infected with Salmonella enterica serovar Düsseldorf (5.8 × 10 8 CFU/mL; 0.1 mL). During the following days of the trial the quails received via drinking water the following doses: (i) the control group A: Rogosa broth as placebo (Rogosa broth:water = 1:10; 100 mL per group/day); (ii) the group B: L. fermentum (10 7 CFU/mL of water; 100 mL per group/day); and (iii) the group C: L. fermentum with Zn-propionate (10 7 CFU/mL with 1 g Zn 2+ /L of water; 100 mL per group/day). All the Japanese quails used were Salmonella-and rifampicin-resistant lactobacilli-free before the experiment. The absence of Salmonella were determined on day 1 and 3 of the age of quails from rectal swabs and from litter material. The birds were fed ad libitum with commercial broiler ration -KKZ Norm-typ hyd-01 (Agref s.r.o., Komárno, Slovakia). The animals were housed in separate rearing cages in groups (one group in one cage) in separated rooms.
Eight, 24, 48 hours and 7 days post-infection samples of the feces for enumeration of viable counts of Salmonella, total aerobes and rifampicin-resistant lactobacilli were collected. All birds were killed by cervical dislocation on the 7 th day after infection and numbers of the above-mentioned bacterial groups and zinc concentration in cecal content were analyzed. Numbers of CFU were expressed as log10 CFU/g.
Statistical analysis
All analyses were performed using the statistical program GraphPad PRISM version 3.00. Tukey's test (after analysis of variance, ANOVA) was used to identify the differences.
Results
The numbers of salmonellae in the feces in both experimental groups were significantly lower compared with control (Fig. 1) . Seven days after infection in groups B and C a great variance in viable counts was noted because in 2 chicks from both groups no salmonellae were identified in feces. The reason for this finding could be irregular shedding of Salmonella after reaching an acute stage of infection. In all collections the numbers of Salmonella in group C were lower than in group B, but a significant difference (p < 0.05) was noted only 24 h after the challenge.
Also viable counts of total aerobes were decreased in the experimental groups in comparison with control but 24 h and 7 d after infection only L. fermentum together with Zn-propionate reduced their numbers significantly (Fig. 2) . Eight hours after the infection in groups B and C the numbers of rifampicinresistant lactobacilli were approximately 3 to 4 log 10 and L. fermentum with Zn(II) propionate (group C) on the numbers of total aerobes in the feces in Japanese quails (n = 7); (*significantly different from the control).
CFU/g and in the other collections those were in the range of 4 to 6 log 10 CFU/g of feces. In the control group no rifampicin-resistant lactobacilli were found 8 h after the infection. Thereafter, in subsequent collections their numbers ranged from 0 to 2 log 10 CFU/g. The control chicks could have been contaminated with rifampicin-resistant lactobacilli during the testing process.
The findings in cecal content were similar (Fig. 3) . The viable counts of salmonellae and total aerobes in the experimental groups were significantly decreased compared to control. The zinc concentration in cecal content in group C was much higher (676.3 ± 106.6 mg/kg) than in the control group (34.9 ± 6.2 mg/kg; p < 0.05). Higher daily weight gains in groups B and C (20.81 and 20.95 g, respectively) in comparison with control (16.25 g) were noted. and L. fermentum with Zn(II) propionate (group C) on the numbers of Salmonella, total aerobes and rifampicin-resistant lactobacilli in cecal content in Japanese quails 7 days after infection (n = 7); (*significantly different from the control).
Discussion
The results of this experiment have confirmed the inhibitory effect of L. fermentum alone and in combination with Zn(II) propionate on S. enterica serovar Düsseldorf in Japanese quails. The inhibitory activity of lactobacilli against Salmonella spp. has been reported in many both in vitro (Oyar Zabal & Conner, 1995; Jin et al., 1996; Gariga et al., 1998; Mijamoto, 2000) and in vivo (Hejlíček et al., 1995; Pascual et al., 1999) studies. On the other hand some authors have not noted any reduction in the shedding of salmonellae after treatment with lactobacilli. However, the strains of Lactobacillus spp. used in these experiments have not been selected for probiotic purposes (Soerjadi et al., 1981; Weinack et al., 1985) . Despite the mode of action of probiotics has not been fully explained, their inhibitive effect against pathogens may be mediated by the production of antibacterial substances, the competition for receptors on the gut mucosa, competition for nutrients, and the stimulation of immunity (Piard & Desmazeud, 1991) . L. fermentum CCM 7158 used in this experiment produces high concentrations of lactic and acetic acids, CO 2 , it is able to adhere in high numbers to the intestinal mucosa and to inhibit the growth of Salmonella enterica serovar Düsseldorf (Nemcová et al., 1997; Mudroňová, 2005) . The prevention of Salmonella colonization of the cecum has been positively correlated with increased volatile fatty acids concentrations and decreased pH (Corrier et al., 1995) . Lower pH values increase the inhibitory activity of volatile fatty acids, since the undissociated forms exhibit the highest bactericidal activity. have reported that cecal contents of broilers normally contain very low concentrations of lactic acid. Supplementation of growth media with zinc(II) propionate increased significantly production of lactic and acetic acids by L. fermentum CCM 7158. The numbers of adhered lactobacilli to the isolated enterocytes and inhibition of Salmonella enterica serovar Düsseldorf were also higher when zinc was added into the medium in concentrations 250-1000 mg Zn 2+ /L (Györyová et al., 2003; Mudroňová, 2005; ) .
Higher concentration of lactate and lower pH in the cecum can be maintained by continuous administration of probiotic lactobacilli, too (Bomba et al., 1998) . Watkins & Miller (1983) have compared the efficiency of single and continuous administration of L. acidophilus on shedding of S. typhimurium in chickens. The viable counts of salmonellae in the feces were significantly lower (p < 0.01) during the continuous application in comparison with single application. A study using L. salivarius has supported the preventative effect on S. enteritidis colonization in chicks, but the establishment of lactobacilli also required more than a single oral feeding (Pascual et al., 1999) . L. fermentum CCM 7158 was administered 7 days continuously and the numbers of salmonellae in feces and in cecal content were reduced by 1 to 3 log 10 CFU/g.
The addition of Zn(II) propionate has increased the efficiency of L. fermentum to decrease the shedding of S. enterica serovar Düsseldorf in feces in Japanese quails. In the group where L. fermentum with Znpropionate was administered, the shedding of salmonellae was lower than in the quails treated only with L. fermentum. These results are in agreement with our in vitro studies where inhibition of S. enterica serovar Düsseldorf by zinc(II) propionate alone, L. fermentum alone, and by their combination was tested. The highest decrease of the numbers of salmonellae was noted for combination of Zn(II) propionate with lactobacilli (Mudroňová, 2005) . Surjawidjaja et al. (2004) have reported the inhibition effect of zinc sulphate on isolates of enteric pathogens. S. typhi and S. paratyphi A were the most sensitive isolates. Salmonella spp. were inhibited by zinc sulphate at concentrations between 0.8 and 2 mg/mL. Our observations are similar. Strong inhibition of Salmonella spp. was observed when concentration of zinc in the growth media was 500 g/L and higher (Mudroňová, 2005) . The zinc level in the cecal content in group C constitutes sufficient concentration to inhibit the growth of S. enterica serovar Düssel-dorf.
In addition to the antimicrobial effect of zinc, this microelement has a positive influence on the immune system. Supplementary zinc in the form of zincmethionine has been shown to improve cellular immunity in chicks (Kidd et al., 1993) . Zinc has also a positive effect on humoral immunity. Barbour et al. (2001) have observed earlier and higher humoral immune response to S. enterica serotype Enteritidis after vaccination with killed S. enteritidis vaccine in meat chickens which had received zinc. Kidd et al. (1994) have reported the ability of dietary zinc-methionine to enhance mononuclear-phagocytic function against S. arizona and S. enteritidis in young turkeys. Hegazy & Adachi (2000) have found a significant improvement in growth performance in Salmonellainfected chickens when put on a Zn-enriched diet. Probiotic lactobacilli have also a positive effect on the body weight gains and feed conversion in poultry (Jin et al., 1998) . These findings are in agreement with our results, since L. fermentum alone, and in combination with Znpropionate has increased daily weight gains in Japanese quails as compared with control. On the other hand, Kidd et al. (1994) did not note any effect on the body weight gains.
These results show that zinc can increase the inhibitive effect of Lactobacillus fermentum on Salmonella without inhibition of lactobacilli. Zinc in combination with probiotic lactobacilli serves not only as a prevention against salmonelloses, but also as a prevention against zinc deficiencies, because their highest occurrence in poultry is during the first week of life, as is the risk of Salmonella infections.
